The objective of this work was to evaluate the effect on the physiological and biochemical aspects of garlic submitted to water deficit, knowing that popular garlic Allium sativum L. is a culture worldwide known for its medicinal, culinary and ecological properties of agricultural pests. Treatments were constituted with water condition of 100; 75; 50 and 25% pot capacity (CP). Three bulbs were planted per pot (5 L) containing Plantmax® substrate, irrigated every two days, according to pot capacity. Chlorophyll index was evaluated during the first and last weeks of greenhouse treatments. At 45 days after treatments, garlic plants were harvested to evaluate physiological and biochemical parameters. Garlic plants showed to be sensitive to water deficit, resulting in lower leaf length and fresh biomass. W ater stress induced APX enzyme activity in leaves and POD activity in roots, as well as protein increase in bulbs as biochemical mechanisms of adaptation.
Introduction
Garlic (Allium sativum L.) is a culture currently used in world cuisine and highly known for its medicinal benefits due to the high chemicals concentrations including essential oils, sulfur compounds, carbohydrates, proteins, vitamins and minerals. In addition, some reports in the literature showing the effects of garlic extracts as well as their essential oils on ecological management of agricultural pests. (LOZANO et al., 2015) .
According to Ankri and Mirelman (1999) , garlic is one of the edible plants that have generated much interest throughout human history as a medicine against a wide range of microorganisms. The same authors also attributed this antimicrobial biological activity to the allicin metabolite, composed of oxygenated sulfur, extracted from the bulbs.
In Guarani indigenous villages located in the Rio das Cobras village of Nova Laranjeiras, Paraná, garlic is grown among other crops or its extracts are used to eliminate different pathology-causing flies. Such empirical evidence further reinforces the scarce scientific evidence regarding garlic's potential in agricultural pests ecological management and their therapeutic functions through traditional knowledge.
Thus, this plant is a lucrative option in family farming and, as a worldwide crop, could suffer with climate change future consequences. Climate change is one of the most serious challenges facing humanity. According to Marengo (2011 ), Nobre (2008 , Guetter (1998), and Dias et al. (2005) earth temperature, as well as gases emission and agrochemicals misuse will result, in the future, in climate events worsening, such as excessive rainfall and lack thereof as well (BERLATO, 2013) .
In Brazil, some changes are already observed, as climate extremes (direct changes in hydrological cycle and fluctuations in temperature frequencies, storms, frosts) (GUETTER, 1998 , VALE et al., 2009 ). Nobre (2008 pointed out that, with temperature increase, surface water availability decreases. Thus, less rainfall periods combined with high temperatures become a threat to ecosystems biodiversity, as stated by Vale et al. (2009) especially for agriculture across the country, which could have a strong socioeconomic impact (MARENGO, 2011) . Abusive agrochemicals use in conjunction with climate change can undermine the water available in soil.
Plants, in general, when exposed to stress situations such as salinity, temperature extremes, water deficit, among others (OSAKABE et al., 2014) , undergo an imbalance of its normal metabolism and, in addition, they need to react by activating endogenous defense responses to ensure their survival. Among the defense responses is reactive species production and removal (ERs). To do so, plants have an antioxidant defense system composed of enzymatic antioxidants, such as guaiacol peroxidase (POD), ascorbate peroxidase (APX) and catalase (CAT), as well as non-enzymatic antioxidants, capable of removing ERs. However, if complete removal does not occur, ERs may trigger an oxidative stress situation, leading to damage in biomolecules as lipids, proteins and nucleic acids (Mittler et al., 2004; Silva et al., 2012; Pyngrope et al., 2013) .
Under these conditions, plants need to alter their defense system to tolerate stress. Otherwise, the water restriction to which plants are subjected to may induce oxidative stress on crops resulting in yield losses. Due to climate change and inadequate soil management, drought periods will be frequent, in which the farmer must be prepared to keep his agricultural production in balance with the environment.
In this context, it is important to know the physiological and biochemical responses of Allium sativum L. to water deficit. Thus, the present study aimed to investigate the water deficit effect on garlic crop and its biochemical and physiological responses triggered by water stress.
Methods
Experiments were conducted in the laboratories of Federal University of Fronteira Sul -UFFS, Laranjeiras do Sul Campus, PR and Erechim campus, RS, as well as in UFFS experimental areas of Laranjeiras do Sul campus -PR. Garlic seeds were all acquired as garlic-heads in the same place (same access), from farmers of Nova Laranjeiras-PR, and then bulbs were separated (garlic cloves) (EMBRAPA, 1993) , which were propagated in a greenhouse.
Three bulbs were planted in each pot filled with Plantmax® substrate, which is rich in organic matter, with ten pots for each treatment at a 2 to 3 centimeters depth (EMBRAPA, 1993) . Each pot contained four kilograms of substrate, all weighed on a precision scale. After one acclimation month, treatments began for a further forty-five (45) days. Treatments were determined from the laboratory definition of substrate water retention capacity, substrate density, solids and pore volume, and substrate volume in each pot and aeration space. Pot capacity (CP) was determined by assuming the weight of soil saturated with water by capillarity plus pot weight. From water amount retained by substrate in CP, 25%, 50% and 75% were omitted, giving a weight for these pots. Pots without plants were weighed every two days to know the evapotranspirated water amount, previously being known the weight of these. Evapotranspirated water replacement in the period was performed using a bucket with ml calibration, keeping pots without plants and 0% CP water deficit treatment and omitting irrigation in 25%, 50% and 75% pot capacity in those treatments under stress.
During the water stress period, plants were subjected to chlorophyll analysis using the chlorophyll meter (SPAD, model Falker ClorofiLog CFL 1030) according to the methodology described by Leonardo et al. (2013) . At 45 days after the beginning of treatments, plants were harvested, separated in root, shoot and bulbs and then analyzed.
Root system (main root length), shoot and bulb lengths were measured using a ruler. To determine biomass, the organs were weighed using an analytical scale and fresh mass was registered. For dry mass, shoot, root and bulbs were oven dried at 70 ° C until a constant mass was obtained.
To determine antioxidant enzymes activity (ascorbate peroxidase, APX, and guaiacol peroxidase, POD), leaf, root and bulb samples were macerated in liquid nitrogen and stored at -20ºC. To one gram of samples was added 3 ml of 0.05 M sodium phosphate buffer (pH 7.8) containing 1 mM EDTA, 2% polyvinylpyrrolidone and Triton X-100 (10 ml L -1 ). The homogenate was centrifuged at 13,000 x g for 20 min at 4 ° C and resulting supernatant was used for antioxidant enzymes activity analysis.
APX activity was determined according to the method described by Zhu e cols. (2004) . The H 2 O 2dependent ascorbate oxidation recorded at 290 nm using the 2.8 mM cm-¹ molar extinction coefficient, with a total time of 120 seconds and reading interval every 15 seconds on a spectrophotometer. Final volume of reaction mixture was 2 ml, which was composed of NaH 2 PO 4 / Na 2 HPO 4 sodium phosphate buffer (25 mM) (pH 7.0), 0.1 mM EDTA, ascorbate (0.25 mM), H 2 O 2 (1 mM) and enzymatic extract (30 µl). Activity was expressed as µmol oxidized AsA min -¹ mg -¹ protein. The POD enzyme activity was determined according to Zeraik et al. (2008) , using guaiacol as a substrate. Reaction mixture contained 1.0 mL potassium phosphate buffer (100mM, pH 6.5), 1.0 mL guaiacol (15 mM) and 1.0 mL H 2 O 2 (3 mM). After homogenization, 50µL plant extract was added to this solution. Enzyme activity was measured by guaiacol oxidation to tetraguaiacol at 470 nm. Results were expressed in enzyme unit per mg protein (U mg -1 protein). For calculation, the molar extinction coefficient of 26.6 mM -1 cm -1 was used. In all enzyme preparations protein concentration was measured by Coomassie Blue method (BRADFORD, 1976) using bovine serum albumin (BSA) as standard.
A completely randomized design was used, consisting of 5 replications with two plants for each repetition equivalent to 25%, 50%, 75% and 100% treatments respectively. Data were subjected to variance analysis by SISVAR software, and means compared by Tukey test at 0.05% significance.
Results and discussion
Data regarding chlorophyll content of apex, median and basal regions of Allium sativum L. leaf submitted to different water deficit concentrations are shown in Table 1 . The 50% water deficit treatment induced a 46% reduction in chlorophyll levels from A. sativum basal leaf region when compared to control treatment (100% pot capacity).
Moreover, in the 50% water concentration treatment, it was observed the yellowing of some evaluated leaves. This observed yellowing may be associated with garlic's adaptability to temperature and humidity in the greenhouse. 15,15 * Means followed by same lowercase letter in column and uppercase in row do not differ by Tukey test at 0.05% probability.
These differences in leaf color observed throughout the experiment influenced the chlorophyll concentration index variation linked to nutrient uptake by plant, as well as the higher temperature inside the greenhouse due to the acclimation period itself, once garlic is a winter crop, and was grown in a milder, shady environment. Dutra et al. (2012) obtained similar results to the present study, when studying sunflower during water stress, in which leaf chlorophyll content of the plants was reduced due to low water availability. In the present study, it was found that in 25% and 50% CP treatment there was a decrease in chlorophyll index in leaf basal portion compared to apex and median regions of garlic leaf, respectively (Table 1) . The observed chlorophyll variation in garlic leaf basal part is associated to a thicker leaf blade, which probably contributed to the lower efficiency of the chlorophyll meter. Uddling et al. (2007) and Jesus and Marenco (2008), justify the lack of linearity between chlorophyll contents, observed in their studies, in which the chlorophyll distribution on leaf surface presents some unevenness, especially in well greenish leaves which can lead to underestimation of index values in leaves with high chlorophyll content. Despite this information, it is known that a plant during stress decreases its photosynthetic rates to save energy expenditure, an explanation that corroborates the data observed in the present study.
Observing A. sativum growth, it was possible to verify a reduction (1.2 and 1.3 times greater when compared to control, 100%, respectively) in leaves length only when treated with 25% and 50% CP, and an increase (1.2 times greater when compared to control, 100%, respectively) in length in this same organ when A. sativum was treated with 75% CP.
This may have been due to the fact that A. sativum cycle is early, and therefore, the bulb did not grow completely, as garlic's life cycle takes approximately 30 weeks (7 months) according to Resende et al. (2004) . However, in leaf, these differences were remarkable considering the existence of more complex physiological processes as transpiration and photosynthesis among others, when compared to processes that occur in the root system. 10,67 * Means followed by same lowercase letter in column and uppercase in row do not differ by Tukey test at 0.05% probability. Teixeira et al. (2011) when evaluating Crambe abyssinica seeds as potential for biodiesel production, observed a reduction in plant growth at lower water concentrations as observed in the present study. Sesame (Sesamum indicum), evaluated by Taveira et al. (2016) , showed a higher growth in stages in which water deficit was moderate and severe, also similar results to the findings of the present study (Table 2) .
On the other hand, Brito et al. (2013) and Sanches (2012) obtained significant results with increased growth for other plant species exposed to water deficit. For A. sativum, growth increase was observed in the 75% CP treatment (1.3 to 1.4 times greater than control), in which conditions were not of total water deficit. If this condition occurs at plant's growth stage, it may affect productivity, as this is the most resource-demanding phase (DARIANTO et al., 2015; HE et al., 2017) . Some plants are able to adjust itself in order to tolerate stressful conditions, allowing them to maintain their growth and development, but for cultivated plants tolerance is related to maintaining productivity (ROSA, 2017) .
The fact that A. sativum plants reduce growth when exposed to soil water levels below 50% is probably related to water deficit effects on plant growth. Water deficit can cause changes in leaf water relations, which in turn affect chemical and physiological processes and, consequently, the growth and development of plant aerial part (ROSA, 2017) .
According to Scalon et al. (2011) , water deficit in plants occurs in situations where cells and tissues are not fully turgid. As a result, stomata close, causing a reduction in photosynthesis and, consequently, in the development. Root system development in deeper layers of soil profile enables plants to better explore soil moisture and fertility, according to plant morphological and genotypic characteristics (OSAKABE et al., 2014) . A. sativum did not obtain a significant root system length (Table  2) , as, according to literature data, water content in this phase should be maintained around 70 to 90% field capacity, according to Csiszár et al. (2007) . Table 3 shows fresh biomass data for A. sativum. For roots and bulbs no significant results were observed. However, for shoot, significant changes were observed. For A. sativum treated with 25% and 50% CP, biomass was 1.4 and 1.7 times smaller when compared to control treatment (100% CP), which did not differ from witness (Table 3) . Dutra et al. (2012) obtained similar results when evaluating sunflower plants in different water concentrations. According to the same authors, 60% water restriction treatment affected both shoots and roots biomass production. Water lack can lead to reduced cell expansion, stomata closure and reduced photosynthesis, severely affecting shoot and root biomass production. (GÓMEZBELLOT et al., 2013; HSIE et al, 2015) .
In addition, Sobrinho et al. (2011) studying Sunflower under water deficit conditions found that fresh mass accumulation may be a reflection of a reduction in soil nutrient absorption, a reduction in photosynthesis, and a reduction in photoassimilates redistribution. Carvalho et al. (2003) observed in their water deficiency study with Artemisia, at 90% water level, similar responses to the data obtained in the present study with 50% CP. Moreover, Carvalho et al. (2003) points out that water deficiency disrupts the growth process, not only decreasing fresh and dry mass accumulation, but also altering the growth process, and accelerating catabolic processes.
In the present study, it was observed a reduction in A. sativum leaf fresh mass, precisely because the plant biomass production is linked to photosynthetic activity, thus, under stress conditions, the relative growth rate is also reduced, being more tolerant at 75% CP as shown in Table 3 . 33,57 * Means followed by same lowercase letter in column and uppercase in row do not differ by Tukey test at 0.05% probability.
Shoot dry mass mean values in 100% CP treatment did not differ from 25% CP treatment, being lower under less water availability. Root and bulb dry mass did not differ significantly in relation to the treatments. Morales et al. (2015) obtained similar results to those observed in the present study when studying tomato strains under water stress. The same authors observed a reduction in fresh and dry mass of leaves, stem and root system in the strains, where tomato root system dry mass had no difference between strains.
As the water deficit increased, no significant changes were observed in the dry biomass of A. sativum organs (Table 4) , with only a 40% increase in leaf biomass of plants treated with 75% CP. Some authors such as Bernier et al. (2008) , Morales et al. (2015) , Sousa et al. (2015) Mendes et al. (2007) , Silva et al. (2007) and Macêdo et al. (2006) obtained similar results with those obtained in the present study. The same authors stated that water lack affects practically all physiological processes, including dry matter accumulation, which is mainly responsible for productivity, in which the most vigorous plants, when subjected to water deficit, have physiological mechanisms that allow its development even under drought conditions. Thus, excessive biomass requires more water in the soil due to increased plant transpiration. Such effect may have influenced biomass reduction in control treatment. Allied to this, the temperature present in greenhouse could also have led to higher energy expenditure, consequently intervening in this parameter.
Plants with flooding roots, according to Belo (2011) , also have reduced dry matter production, as saturated soil impairs water and nutrients absorption by roots, as well as negative effects on the photosynthetic apparatus leading to reductions in photosynthetic rate and root death. A. sativum is a plant sensitive to water restriction, as evidenced by data obtained in the 25% CP treatment. However, this same plant also does not tolerate saturation situations, as observed in control treatment with 100% CP. 37,43 * Means followed by same lowercase letter in column and uppercase in row do not differ by Tukey test at 0.05% probability.
However, Csiszár et al. (2007) reported that a decrease in water for A. sativum (a 40% decrease in soil water content) during growing season might cause significant changes in antioxidants and antioxidant enzyme activities such as peroxidase (POD) and ascorbate peroxidase (APX). Thus, according to Macedo and Cargnelutti (2016) for plants adaptation to adverse conditions, biochemical and physiological changes are necessary to adapt the plant to the stress condition. Water deficit triggers changes in growth parameters, photosynthesis, stomata opening and closing, leaf expansion and triggers oxidative stress. Among the parameters affected by water stress are soluble protein levels, many of which are enzymes responsible for ERs metabolism. Thus, specific enzymes such as POD and APX are important biomolecules for the removal of toxic compounds generated during stress. In the present study, protein levels were altered only in A. sativum bulbs treated with 50% CP (Table 5 ), a 1.3 times increase when compared to control treatment (100% CP). 14,30 * Means followed by same lowercase letter in column and uppercase in row do not differ by Tukey test at 0.05% probability.
The change in protein concentration pattern is completely linked to water restriction (PARIDA et al., 2007) . When a plant is exposed to stress for a time period, there is an increase in protein content that is intended for stress defense pathways, sweeping ERs and other oxidants that tend to damage structural compounds and cellular metabolic machinery. Thus, data observed in the present study corroborate data found in the literature for other plant species exposed to different levels of water deficit. (FUMIS e PEDRAS, 2002; MELO, 2012; QUEIROZ et al., 2002; SOUSA et al., 2015) .
Evidence suggests that drought leads to oxidative stress in several plants where ERs as superoxide radical (O 2•-), hydroxyl radical (OH), hydrogen peroxide (H 2 O 2 ) and singlet oxygen (1O 2 ) are produced (CARNEIRO et al., 2011) . The ERs synthesis appears to be a dynamic event during plant development, as well as a plant response to biotic and abiotic stresses (APEIL e HIRT, 2004) . According to Carneiro et al. (2011) , to eliminate these reactive species, plants have antioxidant enzyme systems that constitute an important primary defense against free radicals generated under stress conditions, such as APX, that can break H 2 O 2 into H 2 O and O 2 , and POD, that also acts breaking H 2 O 2. The APX is responsible for eliminating H 2 O 2 toxic power in chloroplast and cytosol, while peroxidases (POD) are present in almost all vegetable compartments (ZANETTI 2013) .
Results of the present study for POD activity are shown in Table 6 . According to data, significant changes were only observed in roots from plants treated with 50% CP, and the activity was 2.1 times higher when compared to control treatment. Enzymes play a defensive role, acting when the plant is producing many toxic substances. On water deficiency, POD promotes maintenance of cell membrane stability (SHARIFI et al., 2012; GE et al., 2006) .
Mitller (2002) states that antioxidant system enzymes are very sensitive to environmental stress conditions and act as stress signals. Thus, antioxidant enzymes role in stressful situations is to control ROS accumulation limiting oxidative damage.
In the present study, due to ideal cultivation in a greenhouse and because it is a winter crop, already resistant to extremes, no changes in POD activity were observed for most A. sativum organs, also suggesting that, in water deficit conditions, or the plant did not increase ERs production or such species were produced, but they were removed through secondary compounds activity, present in abundance in this plant species (BARBOSA et al., 2010) . For ascorbate peroxidase enzyme (APX), the highest activities were observed in 75% CP treatment, only in leaves, when compared to control (100% CP) ( Table 7 ). Literature data show that when plants are exposed to water deficit there is a significant increase in antioxidant enzymes activity, POD, APX and SOD (CARNEIRO et al., 2011; SILVA, 2014; CRUZ, 2015; MITTLER, 2002) . In the present study, APX and POD enzymes activity seem to be relational, once, while POD showed high root activity, APX showed high activity in shoots (Tables  6 and 7) . When Zanetti (2013) studied cocoa plants, he realized that in non-irrigated plants, POD enzyme seems to be the main defense system, whereas in irrigated plants it would be APX. Peroxidases are responsible for polymers synthesis (lignin) in the cell wall as well as prevention of membrane lipid oxidation. Increased peroxidase activity in stressed plants would allow greater stress tolerance (MITTLER, 2002) . Cell damage caused by free radicals and lipid peroxidation can be reduced or prevented by antioxidant system metabolism involving antioxidant enzymes such as peroxidase. (ZANETTI, 2013) .
Both APX and POD have forms distributed in the various cellular compartments. Literature data have shown increased activity of this enzyme when plants are exposed to water deficit (CIA, 2010; DEUNER et al., 2011 ), high temperatures (HU et al., 2008 , although enzyme inactivation or reduced activity is also reported (MAIA et al., 2012; PEREIRA et al., 2010) .
Enzymes are proteins that catalyze chemical reactions and mediate virtually every biochemical reaction constituting life, so they are essential for the proper maintenance of any organism. Hendges et al. (2015) evaluated corn oxidizing enzymes in drought periods, and did not observe changes in POD and APX activities. APX is one of the major enzymes involved in H 2 O 2 rapid elimination, as it has a high affinity for this molecule, even removing it at low concentrations (micromolar). Unlike catalase, which works by removing hydrogen peroxide excess (millimolar) (MITTLER, 2002) . 29,95 * Means followed by same lowercase letter in column and uppercase in row do not differ by Tukey test at 0.05% probability. Resende et al. (2004) states that garlic cultivation is very sensitive to water lack, but water excess is as harmful as its lack. In this way, proper irrigation management is a determining factor for good bulb production and conservation after harvest. While water lack can lead to drastic productivity reductions, excess favors the onset of disease, stimulates pseudo-tillering and reduces bulb conservation during storage.
Conclusion
Despite the significant changes observed in antioxidant defense system, this system was not effective in eliminating reactive species excess, leading to a reduction in growth and biomass of A. sativum exposed to water deficit.
Thus, it is concluded that A. sativum plants are sensitive to water deficit and, when grown under this condition, there will be significant yield losses. 
